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LFV in SUSY
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KEKB/Belle
B-factory: E at CM = Υ(4S) 
e+(3.5 GeV) e-(8 GeV)

tt
s tt ,s

t

Belle completed data taking
on Jun.30,2010.
total:>1ab-1

U(4S):711fb-1

U(5S):121fb-1

U(3S):3.0fb-1

U(2S):24fb-1

U(1S):5.7fb-1

Off-resonance:

87fb-1

U(4S)

off-resonance
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mID eID

Efficiency ~85% ~90%

Fake rate ~3% ~0.1%
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Signature of signal and background 
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SM tt event

mm event

Only tag side has
neutrino!

Both sides have
no neutrino
total energy is

equal to beam energy.
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Both sides have
many tracks and photons.
No. of photons
decreases this kind of BG’s.

e eq

q

…

…

qq event

(q=u,d,s,c)

Both sides have
neutrinos
missing helps us
to reject this kind of BG’s.



Feature of Analysis for tgm, mh, mmm

7

BG rejection Mass resolution

tgm very hard bad ()

tgmh hard (but h mass window helps) bad (2, but h mass window helps)

tgmmm easy(mID x3) good (only charged tracks)

•  ,

.

•

Main BG

tgm eegmm+, tgmnn+, tgpn+

tgmh eegmm+, tgmnn+, tgpn+

tgmmm eegmmmm,eemm

Here, we discuss only hg subdecay mode.

Besides, since tgm has only 2 particles,
less kinematical information than that for
other decays 

2010/12/14 seminar@LNF



sem
in

ar@
LN

F

Mode Eff. (%) NBG
EXP UL (x10-8)

e-e+e- 6.0 0.21±0.15 2.7

m-m+m- 7.6 0.13±0.06 2.1

e-m+m- 6.1 0.10±0.04 2.7

m-e+e- 9.3 0.04±0.04 1.8

m-e+m- 10.1 0.02±0.02 1.7

e-m+e- 11.5 0.01±0.01 1.5

t→e-e+e-

t→m-m+m-

Search for t→ℓℓℓ

8
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• h(h’)

h(h’)

•

• tgmh

t→ℓP0(=p0,h,h’)

•

h(h’) (r0) ppp0(pph).

commonly required Pℓ
CM<4.5GeV/cPm

CM/√ <0.38 for tgmh

not required for tgeh

0.15<Pm
CM/√ <0.38 for tgmp0

Pe
CM/√ <0.38 for tgep0

s

s

s

ex.) previous new

B
•New search with 901fb-1 data sample 
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t→ℓP0(=p0,h,h’)



tg Eff. NBG
exp UL tg Eff. NBG

exp x10-8

mh(g) 8.2% 0.63±0.37 3.6 mh’(gpph) 8.1% 0.00+0.16-0.00 10.0

mh(gppp0) 6.9% 0.23±0.23 8.6 mh’ (gr0) 6.2% 0.59±0.41 6.6

mh(comb.) 2.3 mh’ (comb.) 3.8

eh(g) 7.0% 0.66±0.38 8.2 eh’ (gpph) 7.3% 0.63±0.45 9.4

eh(gppp0) 6.3% 0.69±0.40 8.1 eh’ (gr0) 7.5% 0.29±0.29 6.8

eh(comb.) 4.4 eh’ (comb.) 3.6

mp0(g) 4.2% 0.64±0.32 2.7 ep0(g) 4.7% 0.89±0.40 2.2

UL(x10-8) UL(x10-8)



•Detailed background study:
It turns out that not only 2photon process but
also ee+X process become large background
andτ-→p-p0n with  -conversion becomes e-K*0/K*0

backgrounds because e/h(=p,K) separation is worse
in low momentum region.

q
q

Search for ℓV0(=r0,K*0,K*0,w,f)

• ℓ ℓ
p

p

B

•New search with 854fb-1 data sample 

main BG
ee+r(?)

γ*

γ

e+

e-

r

clear r peak

Mpp

data

signal
MC (er0)

tt and qq MC

for t-
gm-r0

τ-

n p-

p0





e-

Fake K*0

e+  due to
miss KID
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Result for ℓV0(=r0,K*0,K*0,w,f)

t-
g Eff. NBG

exp t-
g Eff. NBG

exp

e-r0 7.6% 0.29±0.15 1.8 e-K*0 4.4% 0.39±0.14 3.2

m-r0 7.1% 1.48±0.35 1.2 m-K*0 3.4% 0.53±0.20 7.2

e-f 4.2% 0.47±0.19 3.1 e-K*0 4.4% 0.08±0.08 3.4

m-f 3.2% 0.06±0.06 8.4 m-K*0 3.6% 0.45±0.17 7.0

e-w 2.9% 0.30±0.14 4.8 m-w 2.4% 0.72±0.18 4.7

12
UL for tgmr0 is the most stringent among all the t-LFV decays

UL(x10-8) UL(x10-8)
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Upper Limits on LFV t Decay

At Spring on 2009
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New Upper Limits on LFV t Decay

100x more
sensitive
than CLEO’s 142010/12/14



LFV Sensitivity for future prospects


15

tgm

tgmh

tgmmm

./1 Lum

./1 Lum

t m

t mmm mh

simple extrapolation

10-8

10-9

10-10

●τ→μγ
■τ→μη
▲τ→３μ
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tgm & polarized beam

• According to our study, main BG comes from

tgmnn + extra  (ISR or beam BG).

This can not be rejected by PID.
1.5 ab-1 generic tt MC sample

removed by MC generator info.

90% events 
removed!

nobody knows how tgm behaves
2010/12/14 16



Theoretical calc. for tgm

• Most generic form for int. Lagrangian

Consequently,

0,0  RL AA m in m behaves similarly to p in pn

0,0  RL AA min m behaves oppositely to p in pn

ex) SUSY SU(5) GUT

0,0  RL AA

Phys.Rev. D63 (2001) 113003

depends on

2010/12/14
17
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gp+n
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t-rest frame

hel. of t- =1

hel. of t- =-1
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t-
gm-nn/t+

gp+n
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q
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t-rest frame

hel. of t- =1

hel. of t- =-1

t
n
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t-
gm-(L)/t+

gp+n
p

q
t

t-rest frame

0,0  RL AA

hel. of t- =1

hel. of t- =-1
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t-
gm-(R)/t+

gp+n
p

q
t

t-rest frame

0,0  RL AA

hel. of t- =1

hel. of t- =-1
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BG rejection?

The region 0.0<cosq+,0.2< cosq-

is selected:

mode Remain(%)

tgm(L) 41%

tgm(R) 13%

tgmnn 23%tgm(L)

tgmnn

tgm(R)
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Simulation with Belle 1 detector
• set beam(3.5/8 GeV) and detector as current ones

• 1-1 topology + 1  in signal side (E>0.5GeV)

• mID>0.95 Pm>0.6GeV/c 

• 1.5<Mm<2.0, -0.5<E<0.5 (GeV)

• When m and  are decided, mother t can be
reconstructed.  t-direction

• helicity ~ polar angle for t 

~ polar angle for m

in CM frame.
e+ e-

t-

t+

cosqt-0

hel of t- 1



tau direction
from m and , mother tau can be reconstructed and from it, another tau 

also can be reconstructed.(But, for BG, they are wrong information.)

cosqm0

cosqm0

t-
gm-(L) t-

gm-(R) dot:
t-
gm-nn/t+

gp+n
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Selection
cosq1>0, cosq2>0

cosqm0

cosqm0

t-
gm-(L) t-

gm-(R) dot:
t-
gm-nn/t+

gp+n

cosq1<0, cosq2<0

mode Remain(%)

tgm(L) 38%

tgm(R) 21%

tgmnn 23%
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Summary

•



t ℓ p0 h h’ r w f
ℓℓℓ

•UL for tgmr0 is the most stringent among all the t-LFV decays

26

Belle started the analyses for the various modes

using its full data sample!(~1ab
-1
)



tgm

• 

• 
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When the angle between
helicity direction and pi
direction, one signature
of cosine should be oppsite.
(Always, one tau direction
corresponds to helicity
direction while another
direction is opposite to hel.

But., still, these figures for the angle
of pi direction  not to helicity but to
tau direction.

To make them to the
angle dist. to helicity.

exchange the sign

ex
ch

an
ge

 t
h

e 
si

gn
After that, unify them,
you obtain the dist for
the angle to helicity.
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Selection
cosq1<0, cosq2>0

cosqm0

cosqm0

t-
gm-(L) t-

gm-(R) dot:
t-
gm-nn/t+

gp+n

cosq1>0, cosq2<0

mode Remain(%)

tgm(L) 23%

tgm(R) 41%

tgmnn 40%
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t-
gm-(general)/t+

gp+n
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